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The Verification of Energy Spectrum in the
General Circulation of the Atmosphere with
Quasi-Geostrophic Theory

Ippo SUZUKI

Abstract

In this study, energy spectrum of the large-scale atmospheric motions is inves-
tigated in the framework of the quashi-geostrophic theory. It had been shown by
Tanaka et al. (2004) that the barotropic energy spectrum of the general circula-
tion E can be represented by E = ¢? in the framework of the 3D normal mode
decompositon. In this study, the energy spectra of the barotropic component of
the atmosphere are decomposed in rotational and divergent components, using
stream function and velocity potential.

The results suggest that the spectrum obeys -3 or -4 power law of the zonal
wavenumber, and a power law of the squared Rossby wave phase speed. This
result agrees with the precedent studies. It is found that the power spectrum in the
small-scale turbulent regime is common for summer and winter. The peak of the
spectrum at the Rhines scale, however, extends to the larger scale, corresponding

to the increased zonal jet in winter.

Key words
energy spectrum, rotation, divergence, barotropic atmosphere, power law of the

Rossby wave phase speed
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Total Energy Spectrum
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Total Energy Spectrum

JMA/GPV (MAM 2003)
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Total Energy Spectrum
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Total Energy Spectrum
JMA/GPV (SON 2003)
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Total Energy Spectrum
JMA/GPV (DJF 2003/04)
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Total Energy Spectrum

JMA/GPV (MAM 2004)
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Total Energy Spectrum

JMA/GPV (JJA 2004)
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Total Energy Spectrum
JMA/GPV (SON 2004)
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Spherical Rhines Ratio

Spherical Rhines Ratio
JMA/GPV (DJF 2002/03)
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Spherical Rhines Ratio

Spherical Rhines Ratio
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Spherical Rhines Ratio
JMA/GPV (JJA 2003)
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Spherical Rhines Ratio

Spherical Rhines Ratio

JMA/GPV (SON 2003)
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Spherical Rhines Ratio
JMA/GPV (JF 2004)
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Spherical Rhines Ratio
JMA/GPV (MAM 2004)

103: Ll R el
o n=01-10 Rossby mode |
+ n=11-20 Rossby mode |
o 10%7 2
5 o-
oC
(7))
DO 10 E -
£ ]
m g, 2
8 10° ] %68 o,
c °
O
¢ 10 4 !
Cr
10-2 ! R ! R ! R ! o
10 1073 102 101 100

Phase speed

0 14: OO RhinesO (20040 00)

93



Spherical Rhines Ratio
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Spherical Rhines Ratio
JMA/GPV (SON 2004)
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Stream Function
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Barotropic Height
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Energy Spectrum
JRA-25 (DJF 1999-2000)
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Energy Spectrum
JRA-25 (DJF 1999-2000)
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Energy Spectrum
Rotational + Divergent
JRA-25 (DJF 1999-2000)
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Energy Spectrum
Rotational + Divergent
JRA-25 (DJF 1999-2000)
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Energy Spectrum
JRA-25 (January 2000)
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Energy Spectrum
Rotation
JRA-25 (December 1999)
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Energy Spectrum
Rotation
JRA-25 (January 2000)
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Energy Spectrum
Rotation
JRA-25 (February 2000)
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Energy Spectrum
JRA-25 (DJF 1999-2000)
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Energy Spectrum
Rotational + Divergent
JRA-25 (DJF 1999-2000)
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Energy Spectrum
Rotation
JRA-25 (June 2000)
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Energy Spectrum
Rotation
JRA-25 (July 2000)
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Energy Spectrum
Rotation
JRA-25 (August 2000)
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Energy Spectrum
JRA-25 (JJA 2000)
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Energy Spectrum

Rotational + Divergent

JRA-25 (JJA 2000)
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Zonal Mean Wind Speed
JRA-25 (DJF 1999-2000)
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Zonal Mean Wind Speed
JRA-25 (JJA 2000)

Latitude
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